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Abstract The objective of the present study was to eval-
uate hypolipidemic effect of methanolic extract of Celastrus
paniculatus in experimentally induced hypercholesterol-
emic rats. Hypercholesterolemia was induced by feeding the
animals with high fat diet. Oral administration of methanolic
seed extract (50%) of Celastrus paniculatus at the optimized
dose of 65 mg/kg body weight, substantially reduced the
plasma total cholesterol, triglycerides and LDL cholesterol
in comparison with induced hypercholesterolemic animal
group and the results were comparable with the standard
hypocholesterolemic drug and almost similar to the control
group. Atherogenic index and liver weight of treated ani-
mals also showed significant decrease compared to the
hypercholesterolemic animals. It substantially increased the
HDL cholesterol level as compared to control group. A
significant increase in the activities of lipoprotein lipase and
plasma LCAT enhanced hepatic bile acid synthesis and
thereby, increased degradation of cholesterol to neutral
sterols. Furthermore, the activities of HMG-CoA reductase,
glucose 6-phosphate dehydrogenase and malate dehydro-
genase were significantly reduced. Histological studies
showed less cholesterol deposits in the aorta of animals fed
with seed extract of C. paniculatus compared to the induced
hypercholesterolemic animals not given C. paniculatus
supplement.
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Introduction

Coronary heart diseases (CHD) are the main cause of death
in western countries and Asia. Among CHDs, ischemic
heart disease (IHD) leads to the highest mortality rate. The
number of heart patients suffering from IHD worldwide is
gradually increasing [1]. Several epidemiological studies
have demonstrated the relationship between plasma cho-
lesterol levels and the development of IHD. Hypercholes-
terolemia is generally, associated with an increase in plasma
concentration of LDL and VLDL. Lowering of elevated
levels of LDL cholesterol can slower the progression of
atherosclerotic lesions [2, 3]. About 70% of total cholesterol
in human is synthesized de novo and the remaining is also
supplied by absorption from diet (0.3-0.5 g/day in human).
Several methods are presently practised to control blood
cholesterol levels. These include balance of dietary fats; bile
acids sequester and use of HMG-CoA reductase inhibitors
(statins). HMG-CoA reductase is the key enzyme in the
cholesterol biosynthesis pathway. Inhibition of this enzyme
has proven to be the most efficient therapy for managing
hypercholesterolemia [3].

Many plants in the Indian system of medicine have been
reported to be beneficial in hypercholesterolemia. Allium
sativum (garlic) [4], Asparagus racemosus (shatavari) [5],
Cesalpinia bonucella (6], Terminalia arjuna [7], Emblica
officinalis (amla) [8] and Picrorhiza kurroa [9] are known
to have hypolipidemic activities. C. paniculatus (Celastr-
aceae) commonly known as Malkangoni is a shrub used in
Ayurvedic medicines in India. It is found all over India, Sri

@ Springer



406

Ind J Clin Biochem (Oct-Dec 2010) 25(4):405-410

Lanka and Maldives [10]. Various medicinal properties are
attributed to the aerial parts and seeds of this plant. The
seeds of Celastrus paniculatus have been recommended
and are being used in the treatment of rheumatism, gout
and paralysis in the Ayurvedic system of medicine. Seed
oil is also known to stimulate memory and improves
intellect. C. paniculatus has also been reported for its
antidiarrheal and anti haemorrhagic activities [2]. In the
present study, the methanolic seed extract of C. paniculatus
was further investigated for its hypolipidemic activity in
experimental animals and some possible mechanisms of its
lipid lowering properties are discussed.

Materials and Methods
Plant Material

Celastrus paniculatus seeds were obtained from the To-
ranmal forest of Nandurbar district of Maharashatra and
authenticated. The voucher specimen was deposited in the
Department of Botany, Jai Hind College, Dhule. The seeds
were sun dried for 2 weeks and 100 g of seeds were ground
to coarse powder of 20-65 mesh size and then refluxed
with various solvents like 50% v/v methanol, ethanol and
water for 3 h each using Soxhlet apparatus. The extracts
were filtered and evaporated in a vaccum evaporator to
obtain brown residue. The amount of residue remained was
measured and stored in glass bottle at 4°C and used
directly. In our preliminary studies with different extracts,
the best results were obtained with 50% methanolic extract
and hence the same has been used as extraction medium in
our study.

Animal Groups and Treatment

Male albino Wistar rats, 12 week old, weighing 150-160 g
were used for the present study. The experimental study
was approved by the Institutional Animal Ethics Commit-
tee of R.C. Patel College of Pharmacy, Shirpur, were the
study was conducted. All animals were maintained at
22 + 1°C temperature with 12 h light and dark cycle. The
animals were fed with standard diet and water ad libitum.
Rats were divided into four groups and each group con-
tained six animals (n = 6). Group A rats served as
untreated control and received standard diet plus 1 ml
saline for 6 weeks. Group B received high fat diet (athero
diet) for 6 weeks whereas group C rats received high fat
diet plus 25, 45, 65 and 75 mg/kg body weight seed extract
of Celastrus paniculatus for 6 weeks. Group D rats
received athero diet plus standard atrovastatin tablet at
5 mg dose [1]. The extract was administered orally through
gastric intubations. High fat diet composed of hydrogenated
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sunflower oil, egg yolk and cholesterol at previously used
concentrations [11].

Biochemical Analysis

After 6 weeks’ treatment, blood samples were collected by
retro orbital route and serum was separated. Analysis of
serum for total cholesterol [12], triglycerides and HDL
cholesterol [13] was performed by micro titer plate reader
using standard kits (Span Diagnostics, Surat, India). Serum
LDL cholesterol concentration was determined using
Friedwald formula [14].

LDL cholesterol = Total cholesterol — HDL cholesterol
— Triglycerides/5

The atherogenic index was calculated by Friedwald
formula.

LDL + VLDL

Ath ic index =
erogenic index DL

Bile acids and fecal sterols were extracted as per the
previously known procedures [15]. Total bile acids [16],
neutral sterols [17] and serum lipoproteins [17, 18] were
also estimated. The activity of plasma lecithin cholesterol
acyl transferase (LCAT) (EC 2.3.1.43) and lipoprotein
lipase was estimated as described earlier [3]. The extent of
increase in the esterified/unesterified cholesterol ratio was
taken as a measure of LCAT activity. Activity of glucose
6-phosphate dehydrogenase and malic enzyme was
determined as per Annie and Kurup [3].  hydroxy f
methyl glutaryl CoA reductase (HMG CoA reductase, EC
1.1.1.34) activity was assayed using the method described
earlier [19]. The ratio of HMG CoA to mevalonate was
taken as an index of enzyme activity which catalyzes the
conversion of HMG to mevalonate. The lower the ratio, the
higher the enzyme activity [19, 20].

Collection of Aorta

After 6 weeks of diet treatment, the animals were fasted
overnight in preparation for serum and aorta collection. At
8.00 in the morning, the animals were weighed, anesthe-
tized with chloroform and the thoracic abdominal cavity
was opened. The heart together with the aorta (2-3 cm
length) was excised from each animal. The aorta was cut at
the origin and removed from the heart.

Histopathological Studies

A 2 mm section of the aorta of each animal was soaked
in 10% (v/v) formal saline solution for hematoxylin and
eosin staining and another 2 mm section was placed in
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kriomatrix and kept at —20°C for frozen sections [21]. The
remaining aorta was soaked in deionized water and
homogenized for biochemical analyses. The aorta sections
that were soaked in 10% formal saline solution were pro-
cessed for normal histological section. The tissue samples
were ultrasectioned (5-6 pm thickness), stained with
hematoxylin and eosin and examined under a light micro-
scope for observation of structural abnormality. Ultra-thin
sections of the frozen aorta (8 pm thickness) were stained
with Schultz stain [21, 22] and examined for cholesterol
deposits.

Statistical Analysis

Statistical significance of data was analyzed using one-way
analysis of variance (ANOVA) in Microsoft Excel. Each
data value is expressed as the mean £ SD of six animals.
Post hoc test was also conducted to determine level of
significance between the treated and control groups using
Student-Newman—Keuls test and considered significant at
P < 0.05.

Results and Discussion

Preliminary studies with different doses of the methanol
extract (25, 45, 65 and 75 mg/kg body weight of rats)
indicated a dose dependent decrease in total cholesterol in
group C rats till 65 mg/kg body weight dose. The decline
in the total cholesterol beyond this does became indepen-
dent of the dose and was not significant and hence all other
parameters were evaluated for animals treated with this
dose.

It was observed that keeping the animals on high fat diet
(group B) significantly increased the total cholesterol, tri-
glycerides, LDL and VLDL cholesterol as compared to the
rats on normal diet (group A, Table 1). When the seed

extract of Celastrus paniculatus is co-administered with
high fat diet, total cholesterol, triglycerides, LDL and
VLDL cholesterol level decreased considerably (Newman—
Keuls, P < 0.05). The seed extract of C. paniculatus at the
dose of 65 mg/kg body weight lowered the plasma TC, TG
and LDL as compared to the hypercholesterolemic group
(group B). The liver weight, atherogenic index and body
weight in different groups is presented in Table 2. The liver
weight in treated group (group C) was significantly lower
(Newman—Keuls, P < 0.05) than that in hypercholesterol-
emic group (group B) indicating decrease in cholesterol
and fat deposition in liver (Table 2). Atherogenic index in
group C was three times less than group B and was com-
parable to group A and D (Table 2). The body weight of
the group B animals showed significant gain when fed with
high fat diet over the group A animals (normal controls).
Treatment with seed extract and standard drug (Atrovast-
atin) in group C and group D, respectively reduced body
weight by approximately 20% (Newman—Keuls, P < 0.05)
compared to group B animals (Table 2).

The activity of glucose 6-phosphate dehydrogenase and
malate dehydrogenase was significantly reduced while
activities of plasma LCAT and lipoprotein lipase were
enhanced in the animal group fed with the extract (Table 3).
The high concentrations of fecal neutral sterols and bile
acids in the liver in the treatment group shows the enhanced
rate of degradative processes and reduction in intestinal
absorption of free cholesterol and other lipids. The signifi-
cantly higher (Newman—Keuls, P < 0.05) levels of bile
acids in the liver and feces and increased concentrations of
fecal neutral sterols (Table 3) provide the evidence for
higher rate of degradation. The decrease in the cholesterol
levels of animals fed with extract may be attributed to
increase in the level of serum HDL, increase in the activity
of lipoprotein lipase and plasma LCAT, which are known to
be involved in transport of tissue cholesterol to liver for its
excretion. Hence the hypocholesterolemic effect of the

Table 1 Effect of 50% methanolic extract of Celastrus paniculatus on lipid profile of hypercholesterolemic rats

Groups TC (mg/dl) TG (mg/dl) HDL (mg/dl) LDL (mg/dl) VLDL (mg/dl)
Group A 66.20 £+ 5.22 86.32 £ 3.14 34.82 £ 547 17.34 £ 2.56 1540 £ 1.23
Control
Group B 145.20 £+ 9.36 204.10 £+ 16.23 37.12 £ 7.58 70.26 £ 8.16 40.00 £ 7.63
Hypercholesterolemic
Group C 68.12 £+ 5.95% 95.02 £ 2.56* 38.40 £ 4.25% 16.68 £ 2.56* 15.22 £ 3.10%*
Hypercholesterolemic plus

(65 mg extract’/kg BW)
Group D 68.90 £ 5.21 8732 £3.14 32.00 £ 3.89 17.24 £ 3.26 13.19 £+ 3.44

Standard Atrovastatin (5 mg/kg BW)

Values are expressed as Mean =+ SD of each group (n = 6). The results were analysed to be statistically significant at P < 0.05.* Significantly

different from group A
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Table 2 Effect of 50%

. Groups Relative liver Atherogenic Body
methanolic extract of Celastrus weight (g) index weight (g)
paniculatus on cholesterol g8 et ie
deposition, body weight and Group A 412 £ 185 0.81 + 0.09 280
atherogenic index of
hypercholesterolemic rats Control

Group B 7.90 £ 1.10 2.90 £ 0.12 360
Val d Hypercholesterole-emic
alues are expressed as « « «
Mean + SD of each group Group C 517 £ 193 0.95 £ 0.08 270
(n = 6). The results were Hypercholesterolemic plus
analysed to be statistically (65 mg extract’/kg BW)
significant at P < 0.05. Group D 490 £+ 1.23 0.89 £ 0.02 296

* Significantly different from
group B

Standard Atrovastatin (5 mg/kg BW)

Table 3 Concentration of hepatic and fecal bile acids, sterols and activities of lipogenic and lipolytic enzymes in rats fed with methanolic seed

extract (50%) of Celastrus paniculatus

Parameters Animal groups

Group A Group B Group C

(Control) Hypercholesterolemic Hypercholesterolemic

plus 50% extract

Hepatic bile acids (mg/100 g) 36 £23 40.6 £ 3.3 70.6 + 1.5%
Hepatic neutral sterols (mg/100 g) 100.3 £ 3.5 105.6 £ 4.5 1352 + 3.2%
Fecal bile acids (mg/rat/day) 359+ 13 383 +£ 25 513 +2.1%
Fecal neutral sterols (mg/rat/day) 90.5 + 2.6 98.8 + 3.1 123.5 4+ 3.2%
Plasma LCAT* 28.5 £ 0.6 279 £ 0.3 39.4 + 0.8*
Lipoprotein lipase” 40.6 + 1.2 353+ 12 56.6 + 1.6"
Glucose 6-phosphate dehydrogenase® 642+ 13 1003 £ 3.2 62.2 + 1.2%
Malate dehydrogennase” 501.3 + 8.6 990.3 + 9.6 4532 +9.6*
HMG CoA reductase (ratio of HMG CoA to mevalonate)® 4.1 £0.2 6.8 £ 03 3.9 + 0.3%

Control group (A) and group B compared with 50% ethanolic extract fed group. * P < 0.05

* % increase in the ratio of ester cholesterol to free cholesterol during incubation

" 1 moles of glycerol liberated/h/g protein

c

One unit is defined as that amount of the enzyme that causes an increase of 0.01 in optical density/mg protein

9 One unit is defined as that amount of the enzyme that causes an increase of 1.0 in optical density/mg protein [3]

¢ Decreased ratio indicates increased activity [20]

extract seems to mediated through increased hepatic clear-
ance of cholesterol and by down regulation of lipogenic
enzymes like glucose 6-phosphate dehydrogenase and
malate dehydrogenase.

Apart from lowering serum lipid level, the seed extract
also reduced the cholesterol deposition in the aorta of high
cholesterol diet animals. These observations indicate that
animals fed with high fat diet and seed extract prevented a
build up of lipids in the aorta. The aorta of the animals fed
with the extract showed normal physiology (Fig. 1a).
However, aorta of high cholesterol diet animals showed
spaces within the intima tunica and media tunica. These
spaces originally contained fat droplets which were dis-
solved during the staining (Fig. 1b). In the high cholesterol
diet animals, cholesterol deposits were concentrated in the
media tunica and intima tunica regions, mainly in the
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endothelial layer. Thus the hypocholesterolemic effects of
C. panicualtus seed extract can be probably explained by
its known properties to stimulate bile fluid secretion as well
as biliary cholesterol secretion and enhance excretion of
bile acids in feces.

It is known that for being effective antihyperlipidemic
agent the compound should reduce the plasma levels of
LDL cholesterol, as it transports 70% of plasma cholesterol
in humans [23]. Epidemiological and clinical studies have
demonstrated positive correlation in LDL cholesterol con-
centration in serum and risk of coronary heart diseases.
This report shows significant decrease in plasma LDL
cholesterol level as a function of treatment with seed
extract of C. paniculatus. The reduced triglyceride level in
treated animals could be co-related to elevated lipoprotein
lipase activity in agreement with the previous report on a
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Fig. 1 Sections of aorta of
animals fed with high fat diet
and methanolic seed extract (a).
Arrow indicates lipid
depositions within intima tunica
and media tunica in animals fed
with high cholesterol diet (b).
Aorta section of animal fed with
standard drug (c) and normal
control (d). C: cholesterol

mushroom extracted exo-biopolymer [23, 24]. Animal
study also reveals negative correlation in plasma HDL
cholesterol level and incidence of coronary heart diseases
[23]. In the present study, the methanolic extract of
Celastrus paniculatus in experimental group (group C)
showed significant increase in HDL cholesterol compared
to the group B. The result of our study showed that liver
weight of the rats fed with high fat plus seed extract were
significantly lower than that of control group. The liver
weight reducing effect may be partly attributed to inhibi-
tion of cholesterol deposition in liver tissues or inhibition
of HMG CoA reductase activity which is the key enzyme
in cholesterol biosynthesis pathway [1, 2].

Although the exact mechanism involved in the hypolipi-
demic activity of Celastrus paniculatus remains unidenti-
fied, it has been shown to protect against cardiovascular
diseases by altering serum lipid profile [25]. The seed extract
contains sesquiterpens like celapenin, celapangin and cela-
pagin [26] and alkaloids like celastrin and paniculatin [27]
which may be responsible for the observed multiple phar-
macological activities [27, 28]. The alkaloids may mediate
the hypolipidemic action either by up regulation of activities
of lipolytic enzymes or by stimulating faecal file acid
excretion in agreement with previous findings [10].
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